We review recent results concerning the theology of the lithosphere with special attention to the following topics: 1) the flexure of the oceanic lithosphere, 2) deformation of the continental lithosphere resulting from vertical surface loads and forces applied at plate margins, 3) the theological stratification of the continents, 4) strain localization and shear zone development, and 5) sCrain-induced crystallographic preferred orientations and anisotropies in body-wave velocities. We conclude with a section citing the 1983-1986 rock mechanics literature by category.
INTRODUCTION
Improved geophysical observations, continuum mechanical modeling, and application of laboratory measurements of mechanical properties of rocks to problems associated with plate dynamics have led to advances during the period 1983-1986 in our understanding of the rheology of the earth's lithosphere. Rheological models for the oceanic lithosphere, applied to large-scale deformations at plate boundaries and within plate interiors, have been further developed using elastic, elastic-plastic, and viscoelastic formulations. These models have been further refined by incorporating nonlinear stress and temperature dependencies into the viscous response of Maxwell-type viscoelastic rheological models, consistent with experimental measurements of the mechanical properties of rocks at elevated temperatures. In addition to flexure at trench-rise systems, deformation of the oceanic lithosphere has been examined within plate interiors in response to large horizontal compressional forces and thermallyderived stresses, and constrained by measured ocean floor topographic profiles, marine geoid anomalies, and the distributions and focal mechanisms of earthquakes.
Rheological models for the continental lithosphere have likewise emerged in this quadrennial period, based upon a continuum approach to the large-scale structures developed in diverse tectonic settings, and upon experimentally-determined mechanical responses of crustal and mantle lithologies. The mechanical behavior of the confiuental lithosphere is coinplicated by its compositional heterogenei• and complex thermal history, and cannot, as yet, be as closely constrained as that of the oceanic lithosphere. Nevertheless, favorable comparisons of model results with observed structures have led to insights into the tectonics and mechanical response of the continents. This paper is not subject •o U.S. copyright. Published in 1987 by the American Geophysical Union.
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Rather than attempt a discussion of the entire literature pertinent to the rheologies of the oceanic and continental lithospheres, we select several current lines of research for discussion which we feel are particularly important and noteworthy. We review recent results concerning 1) the flexure of the oceanic lithosphere, 2) deformation of the continental lithosphere resulting from vertical surface loads and forces applied at plate margins, 3) the rheological stratification of the continents, 4) strain localization and shear zone development, and 5) strain-induced crystallographic preferred orientations and anisotropy of elastic wave velocities. We conclude with a section citing the 1983-1986 rock mechanics literature by category.
FLEXURE OF THE OCEANIC LITHOSPHERE
The concept of rigid plates constituting a lithosphere overlying a more fluid-like asthenosphere has been most successful in describing the tectonics of the ocean basins, owing in part to the relatively high strength of the oceanic lithosphere. As shown by the bulges in sea floor topography, geoid anomalies, and other flexural features which extend into the oceanic lithosphere from loads applied at deep ocean trenches and seamounts,cooling models of the oceanic plates [Parsons and $½later, 1977] Although simple, thickness-averaged plate models have provided extremely valuable insights into the large-scale structures and dynamics of continental deformations, more elaborate rheological models will be required to evaluate these colnplex tectonic regimes.
P,,HEOLOGICAL STRATIFICATION OF THE CONTINENTAL LITHOSPHERE
Even the oceanic lithosphere with its thin crust and its simple mineralogy dominated by olivine and pyroxenes is not likely to be rheologically monolithic. Consider now the added complexities of the continental lithosphere. First, the thicker continental crust is mineralogically more complex, with at least ten minerals needed to describe it at the 2% level in abundance. Second, the crust has segregated radiogenic elements that are important heat sources, the distribution of which is crucial in predicting the spatial variation of temperature and hence, ductile strength. Third, the crust also tends to segregate fluids such as melts, hydrothermal fluids and CO2 because partial melting in the mantle very effectively segregates the volatile species into melts and because lower density mafic and more acidic melts are gravitationally unstable in the mantle and rise in the crust to the point of neutral buoyancy. Also the movement of hot fluids affects the thermal structure. Fourth, a whole host of petrological and geochemical processes attend the presence and movement of hot, chemically aggressive fluids, processes that include melt wetting of grain boundaries, hydrothermal alteration, metasomatism, hydrothermal dissolution and crystal growth and intracrystalline diffusion of hydrogen, water and related species. These petrological and geochemical processes give rise to a spectrum of weakening processes, such as hydrolyric weakening, chemically assisted crack growth, solution transfer creep, melt transfer creep, and solute effects on creep processes [see reviews by Sibson, 1984 and Kirby, 1983 .
A simplified view of the rheology of the continental lithosphere is to consider only the effects of gross crustal mineralogy, neglecting the physical and chemical effects of fluids. Olivine retains high strength to temperatures as high as 1000-1200øC at typical laboratory strain rates and high confining pressures. This is in contrast with the thermal weakening of crustal rocks and minerals (Table 3) have not been done to explore the comparative roles of stress and strain in preferred orientation development during recrystallization, but the foregoing observations suggest that finite strain is the primary determinant of preferred orientations produced during recrystallization.
Grain boundat&t sliding, GBS, is a deformation process that depends upon accommodation mechanisms that allow necessary grain shape changes and is favored by small grain sizes. Experience in metals and in finegrained rocks that are thought to deform by GBS shows that the process does not, of itself, lead to preferred orientations; on the contrary, GBS can randomize a pre- 
